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(54) Hydraulic system with air sucking mechanism 



(57) The invention relates to an hydraulic system 
comprising an air sucking hydraulic circuit 8, an air suck- 
ing control valve 5, and a check valve 6 provided in or 
before and after the air sucking hydraulic circuit 8, al- 



lowing a flow of a hydraulic fluid from the air sucking 
control valve 5 to the hydraulic actuator 4 and preventing 
a flow of a hydraulic fluid from the hydraulic actuator 4 
to the air sucking control valve 5. 
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Description 

BACKGROUND OF THE INVENTION: 
<Field of the lnvention> 

[0001] The present invention relates to a hydraulic 
system, more particularly a hydraulic system suited to 
perform a clutch operation or variable clutch operation 
of an automobile automatic transmission. 

<Prior Art> 

[0002] A hydraulic system is not hermetically sealed 
so that an air may enter a hydraulic circuit. In general, 
the hydraulic circuit is a so-called blind circuit which is 
closed at a hydraulic side, so that a hydraulic fluid can 
not circulate in the hydraulic circuit and hydraulic actu- 
ator. Thus, the air which enters the hydraulic circuit and 
hydraulic actuator is unlikely to be exhausted out of the 
circuit and will remain in them. The air in the circuit may 
delay the response of the hydraulic system and degrade 
the controllability of the system. To solve this problem, 
several ways have been proposed which provide an ad- 
ditional circuit to circulate the hydraulic fluid in the hy- 
draulic circuit to exhaust the air out of it. 
[0003] As an example of the conventional techniques, 
Japanese Application Patent Laid-Open Publication No. 
Hei 10-73105 discloses a hydraulic operation unit which 
comprises a piston/cylinder having a first chamber and 
second chamber, and another piston/cylinder having a 
third chamber. In this operation unit, the first and second 
chambers are connected via a first pressure valve, the 
first and third chambers are connected via a conduit on 
which a second pressure valve is provided. The first, 
second, and third chambers have a first, second, and 
third directional control valves respectively. The valves 
can control the hydraulic pressure for actuating the pis- 
ton/cylinders. Those directional control valves are con- 
nected to a hydraulic fluid container via a pump. To evac- 
uate the first and third chambers, the first and third di- 
rectional control valves connect those chambers to the 
pump. The second directional control valve connects 
the second chamber to the hydraulic fluid container. 
Pressure higher than a pressure during the normal op- 
eration is applied to actuate the first and second pres- 
sure valves. 

[0004] In the above described hydraulic operation 
unit, the piston/cylinder may operate during the air suck- 
ing so that an accidental operation of the hydraulic ac- 
tuator during the air sucking must be prevented. 

SUMMARY OF THE INVENTION: 

[0005] It is an object of the present invention to pro- 
vide a hydraulic system having a reliable air sucking 
mechanism which is unlikely to malfunction. 
[0006] To achieve the above mentioned object, the 



present invention provides a hydraulic system compris- 
ing, a hydraulic actuator activated by a supplied hydrau- 
lic fluid, a control valve for generating a regulated hy- 
draulic pressure or flow for activating the hydraulic ac- 

5 tuator, and a control hydraulic circuit for transmitting the 
regulated hydraulic pressure or flow generated by the 
control valve to the hydraulic actuator, wherein the hy- 
draulic system further comprising, an air sucking control 
valve connected to a primary pressure circuit or regu- 

10 lated pressure circuit, an air sucking hydraulic circuit 
connecting the air sucking control valve to the hydraulic 
actuator, and a check valve between the air sucking con- 
trol valve and the hydraulic actuator, allowing a flow of 
a hydraulic fluid from the air sucking control valve to the 

is hydraulic actuator and preventing a flow of a hydraulic 
fluid from the hydraulic actuator to the air sucking control 
valve. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

20 

[0007] 

Fig. 1 shows a schematic diagram of an example of 
a hydraulic system having an air sucking mecha- 

25 nism according to the present invention. 

Fig. 2 shows a schematic diagram of another exam- 
ple of a hydraulic system having an air sucking 
mechanism according to the present invention. 
Fig. 3 shows a schematic diagram of still another 

30 example of a hydraulic system having an air sucking 
mechanism according to the present invention. 
Fig. 4 shows a schematic diagram of an example of 
use of a hydraulic system according to the present 
invention for a clutch operation or variable clutch 

35 operation of an automobile automatic transmission. 
Fig. 5 shows a schematic diagram of an example of 
an automobile having an automatic transmission 
using a hydraulic system having an air sucking 
mechanism according to the present invention. 

40 

DESCRIPTION OF THE INVENTION: 

[0008] One embodiment of the present invention will 
be described below referring to Fig. 1 . 

45 [0009] Fig. 1 shows an example of a hydraulic system 
according to the present invention using hydraulic sym- 
bols. A hydraulic tank 1 contains a hydraulic fluid. A hy- 
draulic pump 2, which is driven by a power supply (not 
shown), can suck the hydraulic fluid from the hydraulic 

so tank 1 via a suction circuit 9 and raise its pressure. The 
raised high pressure fluid is supplied to a control valve 
3 and air sucking control valve 5 through a primary pres- 
sure circuit 10. 

[0010] The primary pressure circuit 10 is a circuit 
55 through which the high pressure hydraulic fluid raised 
by the hydraulic pump 2 will flow. Thus the primary pres- 
sure circuit 1 0 is also called a high pressure circuit. This 
primary pressure circuit 10 also includes a circuit which 
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flows a hydraulic fluid having a pressure which is regu- 
lated in a pressure valve after being raised in the hy- 
draulic pump 2. 

[001 1 1 The (not shown) power supply is controlled by 
a control unit (not shown) such that the hydraulic pump 

2 can supply the hydraulic fluid to the primary pressure 
circuit 10 at a constant pressure. The control valve 3 is 
activated by an electrical signal from a control unit (not 
shown) and can control the hydraulic fluid in response 
to the signal. The control valve 3 can supply the fluid to 
a hydraulic chamber 41 of a hydraulic actuator 4 via a 
control hydraulic circuit 7. The control valve 3 may be a 
pressure control valve which can generate a hydraulic 
pressure in response to the electrical signal from the 
(not shown) control unit, or a flow control valve which 
can generate a hydraulic flow in response to the electri- 
cal signal from the (not shown) control unit. 

[0012] In the hydraulic actuator 4, a piston 42 will be 
pushed forward by the hydraulic fluid supplied from the 
control valve 3, and the piston 42 will be returned back 
by a built-in spring when the fluid is stopped. The hy- 
draulic chamber 41 of the hydraulic actuator 4 has an- 
other hydraulic fluid port which is connected to the air 
sucking control valve 5 via a check vatve 6 and a air 
sucking hydraulic circuit 8. 

[0013] The check valve 6 can prevent a flow of the 
hydraulic fluid from the hydraulic actuator 4 to the air 
sucking control valve 5 and allow a reverse flow of the 
hydraulic fluid from the control valve 5 for air sucking 5 
to the hydraulic actuator 4. 

[001 4] The air sucking control valve 5 may be a pres- 
sure control valve which can generate a hydraulic pres- 
sure in response to the electrical signal from the (not 
shown) control unit, or a flow control valve which can 
generate a hydraulic flow in response to the electrical 
signal from the (not shown) control unit, or an on/off con- 
trol valve which can turn on/off the flow of the hydraulic 
fluid in response to the electrical signal from the (not 
shown) control unit. 

[0015] In the above mentioned configuration accord- 
ing to the present invention, the air sucking operation 
from the hydraulic chamber 41 of the hydraulic actuator 
4 can be described as follows. 

[0016] In the normal control operation of the hydraulic 
actuator 4, the control valve 3 receives an electrical sig- 
nal such that the control valve can supply the hydraulic 
fluid to the hydraulic chamber 41 of the hydraulic actu- 
ator 4. The piston 42 of the hydraulic actuator 4 will be 
pushed forward by the supplied hydraulic fluid. The con- 
trol valve 3 receives an alternative signal such that the 
control valve 3 can receive the hydraulic fluid from the 
hydraulic actuator 4. Thus, the piston 42 in the hydraulic 
actuator 41 will be returned back by the force of the built- 
in spring. In the air sucking operation, the control valve 

3 receives an electrical signal such that the control valve 
3 can receive the hydraulic fluid from the hydraulic ac- 
tuator 4, and the air sucking control valve 5 receives an 
electrical signal such that the control valve 5 can supply 
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the hydraulic fluid to the hydraulic chamber 41 of the 
hydraulic actuator 4. Then, the hydraulic fluid can circu- 
late through a path from the hydraulic tank 1 via the suc- 
tion circuit 9, hydraulic pump 2, primary pressure circuit 

s 1 0, air sucking control valve 5, air sucking hydraulic cir- 
cuit 8, check valve 6, to the hydraulic actuator 4, and 
from this hydraulic actuator 4 via the control hydraulic 
circuit 7, control valve 3, back to the hydraulic tank 1 . 
Thus the air which exists in the hydraulic chamber 41 of 

10 the hydraulic actuator 4 and the control hydraulic circuit 
7 will be exhausted into the hydraulic tank 1 by the cir- 
culation flow of the hydraulic fluid. During the air sucking 
operation, the control valve 3 can receive the hydraulic 
fluid from the hydraulic actuator 4. Thus, the pressure 

15 in the hydraulic actuator 4 will not increase and the hy- 
draulic actuator 4 will not operate. After the air sucking 
operation, the air sucking control valve 5 receives an 
electrical signal such that the air sucking control valve 
5 can close or the air sucking hydraulic circuit 8 can com- 

20 municate with the circuit from the air sucking control 
valve 5 to the hydraulic tank 1 . In the normal operation, 
the check valve 6 is closed so that the hydraulic fluid 
can not flow into the air sucking hydraulic circuit 8 from 
the hydraulic actuator 4, thus the controllability of the 

25 hydraulic system will not be degraded. 

[0017] As described above, according to the embod- 
iment, a simple hydraulic circuit can perform the air 
sucking operation only with the electrical signals from 
the control unit and can remove the air in the hydraulic 

30 system to prevent the degradation of the system con- 
trollability due to the air. Thus, a reliable hydraulic sys- 
tem is provided which can prevent a malfunction of the 
hydraulic actuator during the air sucking operation. 
[0018] . Another embodiment of the present invention 

35 will be described referring to Fig. 2. 

[001 9] Fig. 2 shows an example of a hydrau lie system 
according to the present invention using hydraulic sym- 
bols. A hydraulic tank 1 contains a hydraulic fluid. A hy- 
draulic pump 2, which is driven by a power supply (not 

40 shown), can suck the hydraulic fluid from the hydraulic 
tank 1 via a suction circuit 9 and raise its pressure. The 
raised high pressure fluid is supplied to a control valve 
3, second control valve 3B, and air sucking control valve 
5 through a primary pressure circuit 1 0. The (not shown) 

45 power supply is controlled by a control unit (not shown) 
such that the hydraulic pump 2 can supply the hydraulic 
fluid to the primary pressure circuit 1 0 at a constant pres- 
sure. The control valve 3 and second control valve 3B 
are activated by electrical signals from a control unit (not 

so shown) and can control the hydraulic fluid in response 
to the signal. The control valve 3 and second control 
valve 3B can supply the fluid to a hydraulic actuator 4' 
via a control hydraulic circuit 7 and 7B respectively. 
Each of the control valve 3 and second control valve 3B 

55 may be a pressure control valve which can generate a 
hydraulic pressure in response to the electrical signal 
from the (not shown) control unit, or a flow control valve 
which can generate a hydraulic flow in response to the 
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electrical signal from the (not shown) control unit 
[0020] In the hydraulic actuator 4\ a piston 42' will be 
pushed forward by the hydraulic fluid supplied from the 
control valve 3, and the piston 42' will be returned back 
by the hydraulic fluid supplied from the second control 
valve 3B. Each of hydraulic chambers 43, 44 of the hy- 
draulic actuator 4* has another hydraulic fluid port which 
is connected to the air sucking control valve 5 via a 
check valve 6 or asecond check valve 6' and an air suck- 
ing hydraulic circuit 8'. 

[0021 ] The check valve 6 and second check valve 6B 
can prevent a flow of the hydraulic fluid from the hydrau- 
lic actuator 4' to the air sucking control valve 5 and allow 
a reverse flow of the hydraulic fluid from the air sucking 
control valve 5 to the hydraulic actuator 4'. 
[0022] The air sucking control valve 5 may be a pres- 
sure control valve which can generate a hydraulic pres- 
sure in response to the electrical signal from the (not 
shown) control unit, or a flow control valve which can 
generate a hydraulic flow in response to the electrical 
signal from the (not shown) control unit, or an on/off con- 
trol valve which can turn on/off the flow of the hydraulic 
fluid in response to the electrical signal from the (not 
shown) control unit. 

[0023] In the above mentioned configuration accord- 
ing to the present invention, the air sucking operation 
from the hydraulic actuator 4' can be described as fol- 
lows. 

[0024] In the normal control operation of the hydraulic 
actuator 4, the control valve 3 receives an electrical sig- 
nal such that the control valve 3 can supply the hydraulic 
fluid into the hydraulic chamber 43 of the hydraulic ac- 
tuator 4*, and the second control valve 3B receives an 
electrical signal such that the second control valve 3B 
can receive the hydraulic fluid from the hydraulic cham- 
ber 44 of the hydraulic actuator 4'. The piston 42* of the 
hydraulic actuator 4' will be pushed forward by the hy- 
draulic fluid supplied from the control valve 3. The con- 
trol valve 3 and second control valve 3B can receive al- 
ternative signals such that the second control valve 3B 
can supply the hydraulic fluid to the hydraulic chamber 
44 of the hydraulic actuator 4' and the control valve 3 
can receive the hydraulic fluid from the hydraulic cham- 
ber 43 of the hydraulic actuator 4*. Then, the piston 42* 
of the hydraulic actuator 4' will be returned back by the 
hydraulic fluid supplied from the second control valve 
3B. 

[0025] In the air sucking operation, the control valve 
3 and second control valve 3B receive electrical signals 
such that the control valve 3 and second control valve 
3B can receive the hydraulic fluid from the hydraulic 
chambers 43, 44 of the hydraulic actuator 4', and the air 
sucking control valve 5 receives an electrical signal such 
that the air sucking control valve 5 can supply the hy- 
draulic fluid to the hydraulic chamber 43, 44 of the hy- 
draulic actuator 4'. Then, the hydraulic fluid can circulate 
through two paths. One path is from the hydraulic tank 
1 via the suction circuit 9, hydraulic pump 2, primary 



pressure circuit 1 0, air sucking control valve 5\ air suck- 
ing hydraulic circuit 8', check valve 6, to the hydraulic 
chamber 43 of the hydraulic actuator 4', and from this 
hydraulic chamber 43 of the hydraulic actuator 4' via the 
5 control hydraulic circuit 7, control valve 3, back to the 
hydraulic tank 1 . Another path is from the hydraulic tank 
1 via the suction circuit 9, hydraulic pump 2, primary 
pressure circuit 1 0, air sucking control valve 5, air suck- 
ing hydraulic circuit B\ check valve 6B, to the hydraulic 
10 chamber 44 of the hydraulic actuator 4\ and from this 
hydraulic chamber 44 of the hydraulic actuator 4' via the 
second control hydraulic circuit 7B, second control valve 
3B, back to the hydraulic tank 1 . Thus, the air which ex- 
ists in the hydraulic actuator 4' and the control hydraulic 
is circuit 7, 7B will be exhausted into the hydraulic tank 1 
by the circulation flow of the hydraulic fluid. During the 
air sucking operation, the control valve 3 and the second 
control valve 3B can receive the hydraulic fluid from the 
hydraulic actuator 4\ Thus, the pressure in the hydraulic 
20 actuator 4' will not increase and the hydraulic actuator 
4' will not operate. After the air sucking operation, the 
air sucking control valve 5 receives an electrical signal 
such that the air sucking control valve 5 can close orthe 
air sucking hydraulic circuit 8' can communicate with the 
25 circuit from the air sucking control valve 5' to the hydrau- 
lic tank 1 . In the normal operation, the check valve 6 and 
6B are closed so that the hydraulic fluid can not flow into 
the air sucking hydraulic circuit 8* from the hydraulic ac- 
tuator 4', thus the controllability of the hydraulic system 
30 will not be degraded. 

[0026] In the case where more hydraulic actuators, 
more hydraulic chambers of the hydraulic actuator as 
well as more control valves and more control hydraulic 
circuits are used in the system, additional check valves 
35 and air sucking hydraulic circuits can easily provide the 
air sucking mechanism to the system. 
[0027] As described above, according to the embod- 
iment, even for the case of more control hydraulic cir- 
cuits, a simple hydraulic circuit can perform the air suck- 
40 ing operation only with the electrical signals from the 
control unit and can remove the air in the hydraulic sys- 
tem to prevent the degradation of the system controlla- 
bility due to the air. Thus, a reliable hydraulic system is 
provided which can prevent a malfunction of the hydrau- 
45 lie actuator during the air sucking operation. 

[0028] Another embodiment of the present invention 
will be described referring to Fig. 3. 
[0029] Fig. 3 shows an example of a hydraulic system 
according to the present invention using hydraulic sym- 
50 bols. A hydraulic tank 1 contains a hydraulic fluid. A hy- 
draulic pump 2, which is driven by a power supply (not 
shown), can suck the hydraulic fluid from the hydraulic 
tank 1 via a suction circuit 9 and raise its pressure. The 
raised high pressure fluid is supplied to a control valve 
55 3, second control valve 3B, and air sucking control valve 
5' through a primary pressure circuit 1 0. The (not shown) 
power supply is controlled by a control unit (not shown) 
such that the hydraulic pump 2 can supply the hydraulic 
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fluid to the primary pressure circuit 1 0 at a constant pres- 
sure. The control valve 3 and second control valve 3B 
are activated by electrical signals from a control unit (not 
shown) and can control the hydraulic fluid in response 
to the signal. The control valve 3 and second control 
valve 3B can supply the fluid to a hydraulic actuator 4' 
via a control hydraulic circuit 7 and 7B respectively. 
Each of the control valve 3 and second control valve 3B 
may be a pressure control valve which can generate a 
hydraulic pressure in response to the electrical signal 
from the (not shown) control unit, or a flow control valve 
which can generate a hydraulic flow in response to the 
electrical signal from the (not shown) control unit. 
[0030] In the hydraulic actuator 4', a piston 42' will be 
pushed forward by the hydraulic fluid supplied from the 
control valve 3, and the piston 42' will be returned back 
by the hydraulic fluid supplied from the second control 
valve 3B. Each of hydraulic chambers 43, 44 of the hy- 
draulic actuator 4' has another hydraulic fluid port which 
is connected to the air sucking control valve 5* via a 
check valve 6 or second check valve 6B and an air suck- 
ing hydraulic circuit 8'. 

[0031] The check valve 6 and second check valve 6B 
can prevent a flow of the hydraulic fluid from the hydrau- 
lic actuator 4* to the air sucking control valve 5' and allow 
a reverse flow of the hydraulic fluid from the air sucking 
control valve 5* to the hydraulic actuator 4'. 
[0032] The air sucking valve 5' is a pressure control 
valve which can open at a certain pressure or more in 
the primary pressure circuit 10. The air sucking control 
valve 5* is set to open at a pressure above a primary 
pressure during the normal operation. 
[0033] In the above mentioned configuration accord- 
ing to the present invention, the air sucking operation 
from the hydraulic actuator 4' can be described as fol- 
lows. 

[0034] In the normal control operation of the hydraulic 
actuator 4, the control valve 3 receives an electrical sig- 
nal such that the control valve 3 can supply the hydraulic 
fluid into the hydraulic chamber 43 of the hydraulic ac- 
tuator 4', and the second control valve 3B receives an 
electrical signal such that the second control valve 3B 
can receive the hydraulic fluid from the hydraulic cham- 
ber 44 of the hydraulic actuator 4'. The piston 42' of the 
hydraulic actuator 4* will be pushed forward by the hy- 
draulic fluid supplied from the control valve 3. The con- 
trol valve 3 and second control valve 3B can receive al- 
ternative signals such that the second control valve 3B 
can supply the hydraulic fluid to the hydraulic chamber 
44 of the hydraulic actuator 4' and the control valve 3 
can receive the hydraulic fluid from the hydraulic cham- 
ber 43 of the hydraulic actuator 4'. Then, the piston 42' 
of the hydraulic actuator 4* will be returned back by the 
hydraulic fluid supplied from the second control valve 
3B. 

[0035] In the air sucking operation, the control valve 
3 and second control valve 3B receive electrical signals 
such that the control valve 3 and second control valve 



3B can receive the hydraulic fluid from the hydraulic 
chambers 43, 44 of the hydraulic actuator 4', and the 
hydraulic pump 2 is activated to raise the primary pres- 
sure above a pressure during the normal operation to 

5 open the air sucking control valve 5'. Then, the hydraulic 
fluid can circulate through two paths. One path is from 
the hydraulic tank 1 via the suction circuit 9, hydraulic 
pump 2, primary pressure circuit 10, air sucking control 
valve 5', air sucking hydraulic circuit 8', check valve 6, 

10 to the hydraulic chamber 43 of the hydraulic actuator 4', 
and from this hydraulic chamber 43 of the hydraulic ac- 
tuator 4 via the control hydraulic circuit 7, control valve 
3, back to the hydraulic tank 1 . Another path is from the 
hydraulic tank 1 viathesuction circuit9, hydraulic pump 

15 2, primary pressure circuit 1 0, air sucking control valve 
5\ air sucking hydraulic circuit 8', check valve 6B, to the 
hydraulic chamber 44 of the hydraulic actuator 4\ and 
from this hydraulic chamber 44 of the hydraulic actuator 
4' via the second control hydraulic circuit 7B, second 

20 control valve 3B, back to the hydraulic tank 1 . Thus, the 
air which exists in the hydraulic actuator 4' and the con- 
trol hydraulic circuit 7, 7B will be exhausted into the hy- 
draulic tank 1 by the circulation flow of the hydraulic flu- 
id. During the air sucking operation, the control valve 3 

25 and the second control valve 3B can receive the hydrau- 
lic fluid from the hydraulic actuator 4'. Thus, the pressure 
in the hydraulic actuator 4' will not increase and the hy- 
draulic actuator 4' will not operate. After the air sucking 
operation, the air sucking control valve 5' receives an - 

30 electrical signal such that the air sucking control valve 
5' can close or the air sucking hydraulic circuit 8' can 
communicate with the circuit from the air sucking control 
valve 5' to the hydraulic tank 1 . In the normal operation, 
the check valve 6 and 6B are closed so that the hydraulic 

35 fluid can not flow into the air sucking hydraulic circuit 8' 
from the hydraulic actuator 4', thus the controllability of 
the hydraulic system will not be degraded. 
[0036] In the case where more hydraulic actuators, 
more hydraulic chambers of the hydraulic actuator as 

40 well as more control valves and more control hydraulic 
circuits are used in the system, additional check valves 
and air sucking hydraulic circuits can easily provide the 
air sucking mechanism to the system. 
[0037] As described above, according to the embod- 

45 iment, even for the case of more control hydraulic cir- 
cuits, a simple hydraulic circuit can perform the air suck- 
ing operation only with the electrical signals from the 
control unit and can remove the air in the hydraulic sys- 
tem to prevent the degradation of the system controlla- 

50 bility due to the air. Thus, a reliable hydraulic system is 
provided which can prevent a malfunction of the hydrau- 
lic actuator during the air sucking operation. 
[0038J Still other embodiments of the present inven- 
tion will be described referring to Figs. 4 and 5. 

55 [0039] Fig. 4 shows an example of a hydraulic system 
according to the present invention used for a clutch op- 
eration orvariable clutch operation of an automobile au- 
tomatic transmission. 
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[0040] An output of an engine 11 is transmitted to a 
clutch 12. A first hydraulic actuator 4' A can control en- 
gagement and disengagement operation of the clutch 
12. When the clutch 12 Is engaged, the output of the 
engine 1 1 is transmitted to an input axis 1 3 of the trans- 
mission 16. The transmission 16 has gear pairs for 
speed reduction to each speed level, namely, G1 for 1 st 
speed, G2 for 2nd speed, G3 for 3rd speed, and G4 for 
4th speed. A first transmission clutch SC1 and second 
transmission clutch SC2 select a single gear pair. Only 
the selected gear pair can transmit the power. Not se- 
lected gear pairs run idle and can not transmit the power. 
The speed is further reduced by a speed reduction gear 
pair GR in the transmission 1 6. The engine power is out- 
put from an output axis 15 of the transmission 16to drive 
wheels of an automobile (not shown). 
[0041] A second hydraulic actuator 4'B can control a 
first transmission clutch SC1 , and a third hydraulic ac- 
tuator 4"C can control a second transmission clutch 
SC2. In the hydraulic system for activating the first hy- 
draulic actuator 4'A, a hydraulic tank 1 contains a hy- 
draulic fluid. A hydraulic pump 2, which is driven by a 
power supply (not shown), can suck the hydraulic fluid 
from the hydraulic tank 1 via a suction circuit 9 and raise 
its pressure. The raised high pressure fluid is supplied 
to a control valve 3, second control valve 3B through a 
primary pressure circuit 1 0. The (not shown) power sup- 
ply is controlled by a control unit (not shown) such that 
the hydraulic pump 2 can supply the hydraulic fluid to 
the primary pressure circuit 10 at a constant pressure. 
The control valve 3 and second control valve 3B are ac- 
tivated by electrical signals from a control unit (not 
shown) and can control the hydraulic fluid in response 
to the signal. The control valve 3 and second control 
valve 3B can supply the fluid to the hydraulic actuator 
4'A. Each of the control valve 3 and second control valve 
3B may be a pressure control valve which can generate 
a hydraulic pressure in response to the electrical signal 
from the (not shown) control unit, or a flow control valve 
which can generate a hydraulic flow in response to the 
electrical signal from the (not shown) control unit. 
[0042] In the hydraulic actuator 4'A, a piston 42' will 
be pushed forward by the hydraulic fluid supplied from 
the control valve 3, and the piston 42* will be returned 
back by the hydraulic fluid supplied from the second 
control valve 3B. Each of hydraulic chambers 43, 44 of 
the hydraulic actuator 4*A has another hydraulic fluid 
port which Is connected to the air sucking control valve 
5 via a check valve 6 or second check valve 6B and an 
air sucking hydraulic circuit 8'. 
[0043] The check valve 6 and second check valve 6B 
can prevent a flow of the hydraulic fluid from the hydrau- 
lic actuator 4'A to the air sucking control valve 5 and 
allow a reverse flow of the hydraulic fluid from the air 
sucking control valve 5 to the hydraulic actuator 4'A. 
[0044] The air sucking control valve 5 may be a pres- 
sure control valve which can generate a hydraulic pres- 
sure in response to the electrical signal from the (not 



shown) control unit, or a flow control valve which can 
generate a hydraulic flow in response to the electrical 
signal from the (not shown) control unit, or an on/off con- 
trol valve which can turn on/off the flow of the hydraulic 
5 fluid in response to the electrical signal from the (not 
shown) control unit. 

[0045] Although a hydraulic system is not shown for 
the second hydraulic actuator 4'B and the third hydraulic 
actuator 4'C, the primary pressure circuit 10 and the air 
10 sucking hydraulic circuit 8' have branches for the sec- 
ond and third hydraulic actuators 4*B and 4'C. Each of 
the second and third hydraulic actuators 4'B and 4'C is 
also provided with the control varve, second control 
valve, check valve and second control valve as in the 
is case of the first hydraulic actuator 4'A. 

[0046] Fig. 5 shows an example of a hydraulic system 
according to the present invention installed in an auto- 
mobile. Only the first hydraulic actuator 4'A is shown in 
Fig. 5, and the second hydraulic actuator 4'B, the third 
20 hydraulic actuator 4'C and the hydraulic systems includ- 
ing the actuators are not shown. The output of the trans- 
mission 16 is transmitted via a propeller shaft 18 to a 
final gear 19 and turned to driving wheels 20 to accel- 
erate/decelerate the automobile 21 . 
25 [0047] In the above mentioned configuration accord- 
ing to the present invention, the air sucking operation 
from the hydraulic actuator 4'A (4*B, 4'C) can be de- 
scribed as follows. The hydraulic actuators 4'A, 4'B and 
4'C are subjected to the same air sucking operation so 
30 that only the air sucking operation for the first hydraulic 
actuator 4'A will be described as a representative. 
[0048] In the normal control operation of the hydraulic 
actuator 4'A, the control valve 3 receives an electrical 
signal such that the control valve 3 can supply the hy- 
35 draulic fluid into the hydraulic chamber 43 of the hydrau- 
lic actuator 4*A, and the second control valve 3B re- 
ceives an electrical signal such that the second control 
vatve 3B can receive the hydraulic fluid from the hydrau- 
lic chamber 44 of the hydraulic actuator 4'A. The piston 
40 42' of the hydraulic actuator 4'A will be pushed forward 
by the hydraulic fluid supplied from the control valve 3 . 
The control valve 3 and second control valve 3B can 
receive alternative signals such that the second control 
vatve 3B can supply the hydraulic fluid to the hydraulic 
45 chamber 44 of the hydraulic actuator 4'A and the control 
valve 3 can receive the hydraulic fluid from the hydraulic 
chamber 43 of the hydraulic actuator 4'A. Then, the pis- 
ton 42* of the hydraulic actuator 4* A will be returned back 
by the hydraulic fluid supplied from the second control 
so valve 3B. 

[0049] In the air sucking operation, the control valve 
3 and second control valve 3B receive electrical signals 
such that the control valve 3 and second control valve 
3B can receive the hydraulic fluid from the hydraulic 
55 chambers 43, 44 of the hydraulic actuator 4'A, and the 
air sucking control valve 5 receives an electrical signal 
such that the air sucking control varve 5 can supply the 
hydraulic fluid to the hydraulic chamber 43, 44 of the 
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hydraulic actuator 4' A. Then, the hydraulic fluid can cir- 
culate through two paths. One path is from the hydraulic 
tank 1 viathe suction circuit 9, hydraulic pump 2, primary 
pressure circuit 1 0, air sucking control valve 5, air suck- 
ing hydraulic circuit 8', check valve 6, to the hydraulic 5 
chamber 43 of the hydraulic actuator 4'A, and from this 
hydraulic chamber 43 of the hydraulic actuator 4'A via 
the control hydraulic circuit 7, control valve 3, back to 
the hydraulic tank 1 . Another path is from the hydraulic 
tankl viathesuctioncircuit9,hydraulicpump2 f primary 10 
pressure circuit 1 0, air sucking control valve 5, air suck- 
ing hydraulic circuit 8', check valve 6B, to the hydraulic 
chamber 44 of the hydraulic actuator 4'A, and from this 
hydraulic chamber 44 of the hydraulic actuator 4'A via 
the second control hydraulic circuit 7B, second control *s 
valve 3B, back to the hydraulic tank 1 . Thus, the air 
which exists in the hydraulic actuator 4'A or the control 
hydraulic circuit 7, 7B will be exhausted into the hydrau- 
lic tank 1 by the circulation flow of the hydraulic fluid. 
[0050] During the air sucking operation, the control 20 
valve 3 and the second control valve 3B can receive the 
hydraulic fluid from the hydraulic actuator 4. Thus, the 
pressure in the hydraulic actuator 4' will not increase 
and the hydraulic actuator 4* will not operate. After the 
air sucking operation, the air sucking control valve 5 re- 25 
ceives an electrical signal such that the air sucking con- 
trol valve 5' can close or the air sucking hydraulic circuit 
8* can communicate with the circuit from the air sucking 
control valve 5* to the hydraulic tank 1 . In the normal 
operation, the check valve 6 and 6B are closed so that 30 
the hydraulic fluid can not flow into the air sucking hy- 
draulic circuit 8' from the hydraulic actuator 4'A, thus the 
controllability of the hydraulic system will not be degrad- 
ed. 

[0051] As described above, according to the embod- 35 
iment, even for the case of more control hydraulic cir- 
cuits, a simple hydraulic circuit can perform the air suck- 
ing operation only by the electrical signals from the con- 
trol unit and can remove the air in the hydraulic system 
to prevent the degradation of the system controllability <o 
due to the air. Thus, a reliable hydraulic system is pro- 
vided which can prevent a malfunction of the hydraulic 
actuator during the air sucking operation. 
[0052] In the case of the hydraulic actuator installed 
in the automobile automatic transmission, a response 
delay of the hydraulic actuator due to the compressibility 
of the air in the hydraulic system would provide a control 
time lag which may cause problems such as transmis- 
sion shock. Therefore, the air in the hydraulic circuit 
must be exhausted to ensure the quick response of the so 
hydraulic actuator. However, it is very difficult to suck 
the air from the hydraulic system because the automatic 
transmission is generally mounted on the underbody of 
the automobile. According to the present invention, an 
automatic transmission can be provided which can au- 55 
tomatically perform the air sucking operation by a pro- 
gram in a control unit and always ensure the quick re- 
sponse of the hydraulic actuator and prevent a runaway 
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automobile caused by the malfunction of the hydraulic 
actuator during the air sucking operation. The present 
invention can also provide an automobile mounted with 
the automatic transmission. 

[0053] According to the present invention, the control 
valve can receive the hydraulic fluid from the hydraulic 
actuator during the air sucking operation, so that the 
pressure in the hydraulic actuator will not increase and 
the hydraulic actuator will not operate. In the normal op- 
eration, the check vafve Is closed so that the hydraulic 
fluid can not flow into the air sucking hydraulic circuit 
from the hydraulic actuator, and the controllability of the 
hydraulic system will not be degraded. Thus, a reliable 
hydraulic system using a simple configuration can be 
provided. 



Claims 

1 . A hydraulic system comprising, 

a hydraulic actuator activated by a supplied 
hydraulic fluid; 

a control valve for generating a regulated hy- 
draulic pressure or flow for activating said hydraulic 
actuator; and 

a control hydraulic circuit for transmitting said 
regulated hydraulic pressure or flow generated by 
said control valve to said hydraulic actuator, 

wherein said hydraulic system further com- 
prising, 

an air sucking control valve connected to a pri- 
mary pressure circuit or regulated pressure circuit; 

an air sucking hydraulic circuit connecting 
said air sucking control valve to said hydraulic ac- 
tuator; and 

a check valve between said air sucking con- 
trol valve and said hydraulic actuator, allowing a 
flow of a hydraulic fluid from said air sucking control 
valve to said hydraulic actuator and preventing a 
flow of a hydraulic fluid from said hydraulic actuator 
to said air sucking control valve. : 

2. A hydraulic system comprising, 

a plurality of hydraulic chambers provided in 
at least one hydraulic actuator activated by a sup- 
plied hydraulic fluid; 

a plurality of control valves corresponding to 
said plurality of hydraulic chambers, said control 
valves generating a regulated hydraulic pressure or 
flow for activating said hydraulic actuator; and 

a plurality of control hydraulic circuits trans- 
mitting said regulated hydraulic pressure or flow 
generated by said plurality of control valves to each 
of said plurality of hydraulic chambers, 

wherein said hydraulic system further com- 
prising, 

an air sucking control valve connected to a pri- 
mary pressure circuit or regulated pressure circuit; 
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3. 



and 

an air sucking hydraulic circuit connecting 
said air sucking control valve to said hydraulic ac- 
tuator, said air sucking hydraulic circuit having 
branches connected to said plurality of hydraulic 
chambers, each branch being connected to each of 
said plurality of hydraulic chambers via a check 
valve allowing a flow of a hydraulic fluid from said 
air sucking control valve to said hydraulic actuator 
and preventing a flow of a hydraulic fluid from said 
hydraulic actuator to said air sucking control valve. 

A hydraulic system according to claim 1 or2, where- 
in said air sucking control valve is a pressure control 
valve which can open at a supplied pressure higher 
than or equal to a certain value. 
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an air sucking hydraulic circuit connecting 
said air sucking control valve to said hydraulic ac- 
tuator, 

said air sucking hydraulic circuit having 
branches connected to said plurality of hydraulic 
chambers, each branch being connected to each of 
said plurality of hydraulic chambers via a check 
valve allowing a flow of a hydraulic fluid from said 
air sucking control valve to said hydraulic actuator 
and preventing a flow of a hydraulic fluid from said 
hydraulic actuator to said air sucking control valve. 



4. A hydraulic system comprising, 

a hydraulic chamber having an inflow and out- 
flow of a hydraulic fluid therefrom; 20 

a hydraulic actuator activated by the inflow 
and outflow of said hydraulic fluid from said hydrau- 
lic chamber; 

a first control valve controlling the inflow and 
outflow of said hydraulic fluid from said hydraulic 25 
chamber; 

a second control valve controlling the inflow 
of said hydraulic fluid to said hydraulic actuator; 

a check valve between said hydraulic cham- 
ber and said second control valve, allowing a flow 30 
of a hydraulic fluid from said second control valve 
to said hydraulic chamber and preventing a flow of 
a hydraulic fluid from said hydraulic chamber to said 
second control valve; and a control system control- 
ling said first control valve in such a way for a hy- 35 
draulic fluid to flow out of said hydraulic chamber 
and controlling said second control valve in such a 
way for a hydraulic fluid to flow in said hydraulic 
chamber. 

40 

5. An automobile having a hydraulic system compris- 
ing, 

a hydraulic actuator activated by a supplied 
hydraulic fluid; 

a plurality of control valves generating a reg- *5 
ulated hydraulic pressure or flow for a plurality of 
hydraulic chambers provided in at least one hydrau- 
lic actuator for activating said hydraulic actuator; 
and 

a plurality of control hydraulic circuits trans- so 
mitting said regulated hydraulic pressure or flow 
generated by said plurality of control valves to said 
hydraulic actuator, 

wherein said hydraulic system further com- 
prising, 55 

an air sucking control valve connected to a pri- 
mary pressure circuit or regulated pressure circuit; 
and 
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